INTRODUCTION
Stereoselective synthesis of alkenes has been studied extensively. The (Z)-alkenes, especially, are versatile two-carbon units present in many biologically active compounds and are useful starting materials for chemical transformations, although their preparation is usually more difficult than that for the E-isomers. One reason is that (Z)-alkenes are generally thermodynamically less stable. Cross-coupling reaction is quite useful method to prepare alkenes stereospecifically from the corresponding vinyl halides. Vinyl triflates have been also used as synthetic intermediates toward transition metal-mediated cross-coupling reactions in addition to vinyl cation and alkylidene carbene precursors.
2, 3, 4 For cross-coupling reactions, stereoselective preparation of (Z)-vinyl triflates is essential for the subsequent transformation to (Z)-alkenes. For 1,3-dicarbonyl compounds, Z-selective preparation of vinyl triflates was achieved. 2d,5 Chelation-controlled preparation of (Z)-vinyl triflates from α-alkoxy ketones also has been reported. 6 Recently, Cu-catalyzed electrophilic vinyl triflation of alkynes was reported to afford (Z)-triflates. 7 For preparation of vinyl triflates from aldehydes, a mixture of (Z)-and (E)-vinyl triflates was formed through the use of triflic anhydride (Tf 2 O) and 4-methyl-2,6-(di-t-butyl)pyridine (DTBMP). 8 Alternatively, trimethylsilyl enol ethers could be converted to vinyl triflates by treatment with methyllithium and Tf 2 O, 9 however, (Z)-selective preparation of trimethylsilyl enol ethers from an aldehyde is then an issue. 10 Previously, a series of isomerization reactions and elimination reactions using a base were performed to investigate the stereochemistry of the isomerized and eliminated products. The results
showed that sterically unfavorable (Z)-alkenes were formed predominantly. These results were explained by the action of a "syn-effect," 11 caused primarily by σ→π* interactions. 12, 13 Oxygensubstituted substrates always produced excellent Z-selectivities. For example, conformation T 1 was preferred to conformation T 2 during deprotonation of α-alkoxyacetoaldehyde due to the low donor ability of the C-O bond compared with the C-H bond, affording the corresponding (Z)-vinyl ethers predominantly as shown in Scheme 1. and allylic benzoates to give (2Z)-2,4-pentadien-1-ol derivatives in a highly stereoselective manner (Scheme 2). 12c,12e,12f These results demonstrate that the greatest Z-selectivity based on the "syneffect" for oxygen-substituted substrates could be applied to stereoselective C-C bond formation. 
Scheme 2. Previous Example of Stereoselective

Scheme 3. Strategy toward Synthesis of (Z)-Allylic Alcohols
RESULTS AND DISCUSSION
First, the enol triflation reaction of (α-benzyloxy)acetoaldehyde (1A) using triflic anhydride (Tf 2 O) (1.2 equiv) and 2,6-di-tert-butyl-4-methylpyridine (DTBMP) was conducted in CH 2 Cl 2 under reflux conditions for 2 d. 8c However, very little of the desired vinyl triflate was obtained, while 48% of 1A was recovered (Table 1 , Entry 1). The desired vinyl triflate also was not obtained when DBU (2.0 equiv) was used as the base in CH 2 Cl 2 at rt (Entry 2). When phenyl triflimide (PhNTf 2 ) was used instead of Tf 2 O, 16 the reaction proceeded rapidly. The stereoselectivity of the resulting vinyl triflate was high (Z/E =95/5) (Entry 3). DBU was chosen as the base because no reaction occurred using other bases such as DTBMP and Et 3 N. Other β-benzyloxy-type vinyl triflates 2B-2D were also obtained stereoselectively from the corresponding α-alkoxyacetoaldehydes 1B-1D (Entries 4-6).
Furthermore, α-(propargyloxy)acetoaldehyde 1E could be stereoselectively transformed into the corresponding vinyl triflate 2E stereoselectively (Entry 7); using 2.5 equiv of DBU improved the chemical yield (Entry 8). 
Sonogashira coupling was also examined (Table 3) . 20 3,3-Dimethyl-1-butyne was used as a substrate for the transformation to give Z-enynes 3Ac and 3Ec in high chemical yield with high stereoselectivity. Next, an alkyl group was introduced via alkyl boron reagent generated in situ from styrene and 9-BBN. 21 However, the reaction was sluggish and a mixture of the desired product, benzyl vinyl ether, and inseparable byproducts was obtained in poor yield. After intensive investigation, KumadaTamao-Corriu coupling reaction of 2A using n-BuMgCl in the presence of NiCl 2 (dppp) 22 resulted in the addition of a primary alkyl group. Although slight isomerization was observed, the corresponding vinyl ether 3Ad was obtained with high Z-selectivity (Table 4 , Entry 1). In contrast, the coupling reaction of propargyloxy triflate 1E underwent extensive isomerization to give a ca.
2/1 mixture of 3Ed (Entry 2). (Table 5 , Entries 1, 2, 4, 6, and 7). In the case of of (4-methoxyphenyl)methyl ether 3Ca, a specific reaction conditions were required. When the 3Ca was treated with n-BuLi In summary, a useful synthetic scheme for (Z)-allylic alcohols was established based on the novel In a similar manner, 2-alkoxyacetoaldehyde 1A, 26 1C, 27 and 1D 28 were prepared from ethylene glycol. atmosphere. After 10 min of stirring, ethyl bromoacetate (2.51 g, 15 mmol) in THF (5 mL) was added, and the resulting solution was warmed 50 °C, and stirred for 1 h. The reaction mixture was quenched with a satd aq solution of NaHCO 3 (5 mL). After insoluble substance was filtered off through a bed of Celite, the organic layer was dried over Na 2 SO 4 and the solvent was evaporated.
The crude product was purified by silica gel column chromatography (hexane/AcOEt = 20/1) to
give ethyl 2-((3-(triisopropylsilyl)prop-2-yn-1-yl)oxy)acetate ( 
2-((3-(Triisopropylsilyl)prop-2-yn-1-yl)oxy)acetaldehyde (1E). To a solution of ethyl 2-((3-
(triisopropylsilyl)prop-2-yn-1-yl)oxy)acetate (1.92 g, 7.4 mmol) in toluene (50 mL) was added DIBAL-H (7.4 mL of 1.0 M solution in toluene, 7.4 mmol) dropwise over 5 min at -78 °C under N 2 atmosphere. After 5 min, MeOH (7 mL) was added and the reaction mixture was warmed to room temperature. A satd aq solution of potassium sodium tartrate was added and the resulting mixture was stirred for 3 h. After insoluble substance was filtered off through a bed of Celite, the aqueous layer was separated and extracted with Et 2 O. The combined organic extracts were washed with brine and dried over Na 2 SO 4 and the solvent was evaporated. The crude product was purified by silica gel column chromatography (hexane/AcOEt = 6/1) to give 1E (1.00 g, 53 %) as an oil. 
(Z)-(2-(Benzyloxy)vinyl)benzene (3Aa)
. 30 To a solution of 2A (282 mg, 1.0 mmol, Z/E = 94/6) in toluene (15 mL) and EtOH (2.5 mL) was added 2 M aq solution of Na 2 CO 3 (15 mL In a similar manner, (Z)-vinyl ethers 3Ba-3Ea were obtained from 2B-2E. (((5,5-Dimethylhex-1-en-3-yn-1-yl)oxy)methyl)benzene (3Ac) . In a similar manner, (Z)-vinyl ethers 3Ec was obtained from 2E. In a similar manner, vinyl ethers 3Ed were obtained from 2E. In a similar manner, (Z)-allylic alcohols 4Ba, 4Da, 4Ea, 4Ab, 4Ac, and 4Ec were obtained from the corresponding (Z)-vinyl ethers 3Ba, 3Da, 3Ea, 3Ab, 3Ac, and 3Ec, respectively. -1-(o-tolyl)prop-2-en-1-ol (4Ba) . Compound 4Ba (28 mg, 54%, Z/E = >98/2) was obtained as a solid from 3Ba (52 mg, 0.23 mmol, Z/E = >98/2) and n-BuLi (0. Hz, 1H), 6.27 (dd, J = 13.8, 6.9 Hz, 1H). 32 In a similar manner, (Z)-allylic alcohol 4Ad was obtained from the corresponding (Z)-vinyl ether 3Ad.
(Z)-1-Methyl-2-((styryloxy)methyl)benzene (3Ba
(Z)-3-Phenyl
(Z)-1-Phenylhept-2-en-1-ol (4Ad). 25 Compound 4Ad (57 mg, 81%, Z/E = 89/11) was obtained as an oil from 3Ad (70 mg, 0.37 mmol, Z/E = 91/9), TMEDA (54 µL, 0.36 mmol) and n-BuLi in hexane (1.76 mL, 1.65 M solution in hexane, 2.9 mmol 
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